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Abstract: This quantitative research analyses the perception of students about the use of flipped classroom
and technological tools in a Functions unit exploring machine learning algorithms on linear regression, a
decision tree and neural networks. This research proposes consulting YouTube videos about functions
and use of the Desmos application in the teaching-learning process. The results of the linear regression
indicate that the consultation with YouTube videos before the class and use of the Desmos application
collaboratively during the class, and individually after the class, positively influence the teaching-learning
process on the functions. Likewise, the decision tree identifies three predictive models. The neural
network establishes how the activities of this pedagogical model influence the teaching-learning process.
The implications of this research suggest that universities update their courses and carry out creative
school activities outside and inside the classroom through flipped classroom. Finally, the flipped
classroom facilitates the active role of the students during the learning process, promotes the construction
of new educational virtual spaces and allows for improving the educational process through the
incorporation of technological tools before, after and during face-to-face sessions.
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Introduction

Technological advances, such as Learning Management Systems (LMS) and mobile applications, are
modifying pedagogical strategies (Sadik, 2021). In fact, young students have access to a wide variety
of web applications, digital tools and audiovisual contents (Kamalova et al., 2021). For example, the
incorporation of the Desmos application in the field of mathematics has facilitated learning about
analytical geometry (Rojas-Maldonado, 2019).

Educational institutions can improve teaching-learning conditions through the use of Information and
Communication Technologies (ICTs) in school activities (Kadioglu et al., 2020; Long et al., 2019). For
example, videos and web tools can be consulted by students at home and at school (Long et al., 2019).
In the field of mathematics, students use YouTube videos to learn in a fun way under the distance
modality (Insorio & Macandog, 2022).

Data science uses machine learning algorithms to describe, analyse and evaluate educational
phenomena (Muniasamy & Alasiry, 2020; Nehyba & Stefanik, 2023). According to Nehyba and
Stefanik (2023), machine learning algorithms, such as the linear regression and decision tree, allow for
a detailed analysis about the incorporation of technology in the educational field. For example, these
algorithms facilitated the personalisation of the contents in the Learning Management Systems

(Muniasamy & Alasiry, 2020).
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Nowadays, teachers seek to raise the quality of the learning process through the design, creation and
use of pedagogical and technological models (Drozdikova-Zaripova & Sabirova, 2020). In particular,
the flipped classroom is a pedagogical model where teachers share digital resources on the internet
and perform active and collaborative activities during the face-to-face sessions (Drozdikova-Zaripova
& Sabirova, 2020). Likewise, universities use this pedagogical model to restructure the teaching-
learning environment and update the activities of the courses (Shih et al., 2019).

The flipped classroom promotes the active role of the students through the performance of activities
before, after and during the face-to-face sessions (Long et al., 2019). For example, students can consult
videos before the face-to-face sessions to acquire the necessary knowledge (Djamaa, 2020). Also,
teachers carry out collaborative activities with the support of technological tools in the classroom
(Djamaa, 2020). Consequently, the flipped classroom facilitates the organisation of school activities,
increases motivation, allows the construction of virtual spaces to learn and improves academic
performance through technology (Sun et al., 2018).

Flipped Classroom

Web applications and digital tools are modifying the functions, roles and behaviours of students
during the teaching-learning process (Kadioglu et al., 2020). In the 21st century, new pedagogical
models are emerging to improve educational practices and strategies (Sun et al., 2018). For example,
the flipped classroom proposes the incorporation of ICTs during the realisation of school activities
(Drozdikova-Zaripova & Sabirova, 2020).

The flipped classroom is a student-centered approach where participants take an active role inside
and outside the classroom (Drozdikova-Zaripova & Sabirova, 2020). In fact, students analyse and use
the contents of their courses at home through the use of technological tools and solve problems
individually and collaboratively during the face-to-face sessions (Stratton et al., 2020).

According to Zainuddin and Halili (2016), the flipped classroom uses Bloom's Taxonomy to achieve
student-centered learning, that is, students remember, interpret, understand, apply, analyse and
evaluate the information of the courses. Also, students are able to construct new objects and elements
during the realisation of the activities under this pedagogic model (Aydin et al., 2021). In particular,
the use of web 2.0 tools in the field of education favours the active role of students, facilitates
collaboration among participants and allows the realisation of school activities at any time (Aydin et
al., 2021).

Also, the flipped classroom proposes consultation with audiovisual contents, realisation of online
exams and revision of digital readings at home (Drozdikova-Zaripova & Sabirova, 2020). In fact,
audiovisual contents, web applications, video conferencing systems and web 2.0 tools originated an
increase in the use of this pedagogic model (Aydin et al., 2021).

During the flipped classroom, students have the possibility to learn at their own pace through
consultation with videos, podcasts and readings (Altas & Mede, 2021). At home, students acquire an
active role through the realisation of discussion forums and consultation with audiovisual contents
such as readings, digital presentations and videos (Altas & Mede, 2021). Also, this pedagogic model
improves the comprehension of topics through the realisation of creative activities during the face-to-
face sessions (Altas & Mede, 2021).
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Use of Flipped Classroom in the Educational Field

Several authors (e.g., Cabi, 2018; Karabulut-Ilgu et al., 2018) have implemented the flipped classroom
to improve teaching-learning conditions and build new educational spaces. In fact, this pedagogic
model allowed the active role of the students in courses of English (Altas & Mede, 2021), Marketing
(Shih & Tsai, 2017) and Health (Karabulut-Ilgu et al., 2018). For example, Cabi (2018) proposed the use
of videos, didactic resources and Moodle to acquire knowledge of the topics at home. During the face-
to-face sessions, the students performed their presentations collaboratively and actively participated
in the Kahoot application (Cabi, 2018).

In the English course, the use of the flipped classroom facilitated the development of writing skills
and increased academic performance (Altas & Mede, 2021). This pedagogic model transformed the
educational process about the English language through the reviewing of videos at home and
realising the collaborative activities in the classroom (Altas & Mede, 2021).

The flipped classroom seeks to improve teaching-learning conditions through the design and
execution of school activities from anywhere (Long et al., 2019). In the Marketing course, Shih and
Tsai (2017) implemented this pedagogic model through the incorporation of online questionnaires,
SPSS software, presentations and discussion forums in the school activities.

In the Health course, the students consulted videos and answered online questionnaires before the
class (Karabulut-Ilgu et al., 2018). In the classroom, these students participated actively during the
development of the final project (Karabulut-Ilgu et al., 2018). Finally, the flipped classroom allows the
construction of new educational spaces where students have a central role during the learning process
(Drozdikova-Zaripova & Sabirova, 2020).

Teachers of mathematics courses seek to build new educational spaces where students actively
participate outside and inside the classroom, develop their skills and assimilate the knowledge.
According to Rojas-Maldonado (2019), Desmos is a free application that facilitates the assimilation of
knowledge in mathematics courses through the elaboration of graphs. Likewise, the Desmos
application is easy to use on personal computers and mobile devices (Rojas-Maldonado, 2019). On the
other hand, YouTube videos facilitate the understanding of mathematical concepts and encourage
motivation during the educational process (Insorio & Macandog, 2022).

In the Basic Mathematics course, the students have difficulty understanding the topics about functions
and completing the exercises. In particular, these students need to develop the skills to graph, locate
the maximum and minimum points and determine the domain and rank of linear, quadratic,
polynomial, rational and exponential functions. The general aim of this study is to analyse the
perception of the students about the use of the flipped classroom, and also the technological tools in
the functions unit, which considers machine learning algorithms on linear regression, decision tree
and neural networks techniques (data science).

Research Questions

Therefore, this quantitative research proposes consultation with YouTube videos before the class to
acquire the knowledge and use of the Desmos application collaboratively during the class, and
individually after the class, to verify the results of the exercises and actively participate. The research
questions were:
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e What is the perception of the students about the consultation of the YouTube videos before the
class and use of the Desmos application collaboratively during the class and individually after
the class considering the linear regression?

e What are the predictive models about the use of these technological tools before, during and
after the face-to-face sessions in the functions unit considering the decision tree?

e How do the activities of flipped classroom influence the teaching-learning process on functions
considering the neural network?

Methods

The particular aims of this quantitative research are: (1) analyse the perception of the students about
consultation with YouTube videos before the class and use of the Desmos application collaboratively
during the class, and individually after the class, in the functions unit considering the machine
learning technique, (2) identify the predictive models about the use of the flipped classroom in the
functions unit through the decision tree technique, and (3) analyse the impact of the flipped classroom
and technological tools in the teaching-learning process on functions considering the neural network
technique.

Participants

The participants were 48 students (28 men and 20 women) of Administration (n = 20, 41.67%),
Commerce (n =17, 35.42%) and Marketing (n =11, 22.92%) that took the Basic Mathematics course at a
university in Mexico City during the 2017 school year. The average age was 19.87 years. Also, they
completed the first semester. The sample was non-probabilistic.

Procedure

The procedure began with the planning and organisation of the school activities for the teaching-
learning process on functions, using the ADDIE model. This research proposes consultation with
YouTube videos before the class and use of the Desmos application collaboratively during the class,
and individually after the class (see Table 1). The Desmos application is free and allows graphing the
linear (y = 3x + 12), quadratic (y = x? - 24), polynomial (y = x® - 2x2 + 12), rational (y =1/ x) and
exponential (y = 2* + 10) functions.

First, the students of the Basic Mathematics course consulted the YouTube videos about functions at
home. In the classroom, these students collaboratively solved the exercises without the support of
technological tools. Subsequently, these students used the Desmos application to verify the results of
these exercises during the class. Finally, the students carried out the homework and checked the
results of the exercises about maximum and minimum points, domain and range through this web
application.
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Table 1: Educational Context (ADDIE Model)

No. Stages Element Description
Ch - 48 students (28 men and 20 women) of Administration Commerce
aracteristics of the .
students and Marketing
The average age was 19.87 years
Course Basic Mathematics
In the Basic Mathematics course, the students have difficulty to
understand the topics about the functions and solve the exercises. In
1 Analysis particular, these students need to develop the skills to graph, locate
Problem . - - . .
the maximum and minimum points and determine the domain and
rank of linear, quadratic, polynomial, rational and exponential
functions.
Unit Functions
ICTs were not used in the teaching-learning process about the
Technology tools f .
unctions
Understand the characteristics of the linear, quadratic, polynomial,
rational and exponential functions
Graph the linear, quadratic, polynomial, rational and exponential
functions
Learning objectives Identify the domain of linear, quadratic, polynomial, rational and
exponential functions
Identify the range of linear, quadratic, polynomial, rational and
2 Design exponential functions
Locate the maximum and minimum points of the functions
The consultation of YouTube videos about the functions to acquire the
knowledge
Use of ICTs The Desmos application allows graphing the linear, quadratic,
polynomial, rational and exponential functions to verify the results of
the exercises
Pedagogical model Flipped classroom
Before the class Consultation of the YouTube videos about the functions
Solve the exercises about the functions in teams of 3 people and use
During the class of the Desmos application collaboratively to verify the results of the
3 Development exercises about maximum and minimum points, domain and range
Solve the exercises about the functions and use of the Desmos
After the class application individually to verify the results of the exercises about
maximum and minimum points, domain and range
Duration 6 face-to-face sessions (90 minutes each class)
Linear function (y = 3x +12)
Quadratic function (y = x2- 24)
. Topics Polynomial function (y = x3 - 2x? + 12)
4 Implementation Rational function (y = 1/ x)
Exponential function (y = 2* + 10)
Use of Flipped Before, during and after the class
classroom
5 Evaluation Measuring instrument  Questionnaire

Figure 1 shows the model used to analyse the use of the flipped classroom and technological tools in

the functions unit.
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Before the class
Consultation of the YouTube videos

During the class
Use of the Desmos application Teaching-learning process on the

collaboratively |:> linear, quadratic, polynomial, rational
and exponential functions

After the class
Use of the Desmos application
individually

Figure 1: Model about flipped classroom and technological tools

The activities before the class allowed the students to acquire the information from their courses
through the use of technology (Lin et al., 2019). In particular, the flipped classroom proposes the
consultation of videos and digital readings at home (Altas & Mede, 2021). Therefore, the hypotheses
about the use of the flipped classroom before the face-to-face sessions are:

e Hypothesis 1 (H1): The consultation with the YouTube videos before the class positively
influences the teaching-learning process on the functions

During the realisation of the flipped classroom, students participated actively in the classroom
(Djamaa, 2020). Also, technological applications allowed supporting the learning process during the
face-to-face sessions (Altas & Mede, 2021). Therefore, the hypothesis about the use of the flipped
classroom during the face-to-face sessions is:

e Hypothesis 2 (H2): The use of the Desmos application collaboratively during the class
positively influences the teaching-learning process on the functions

Technological advances allow students to have a central role during the learning process after the
class (Djamaa, 2020). In fact, students use technological applications to facilitate the learning process
during the flipped classroom (Altas & Mede, 2021). Therefore, the hypothesis about the use of the
flipped classroom after the face-to-face sessions is:

e Hypothesis 3 (H3): The use of the Desmos application individually after the class positively
influences the teaching-learning process on the functions

The predictive models about the use of flipped classrooms in the teaching-learning process are:

e Predictive Model 1 (PM1) includes the information on the consultation of the YouTube videos
before the class

e DPredictive Model (PM2) includes the information on the use of the Desmos application
collaboratively during the class

e DPredictive Model 3 (PM3) includes the information on the use of the Desmos application
individually after the class

381



Tools and Data Collection

Data collection was performed at the end of the functions unit in a Mexican university during the 2017
school year. The measurement instrument (a questionnaire) consisted of seven close-ended questions
(see Table 2).

Table 2: Questionnaire about the Use of Flipped Classroom

Variable Dimension Question Answer n %
1. Indicate your career

Career Administration 20 41.67%

Commerce 17 35.42%

Marketing 11 22.92%
2. Indicate your sex

' Sex Man 28 58.33%

Profile of the Woman 20 41.67%

students -

3. Indicate your age

19 years 19 39.58%

Age 20 years 21 43.75%

21 years 3 6.25%

22 years 5 10.42%

Before the 4. The consultation of the YouTube videos Very much (1) 23 47.92%

class before the class facilitates the assimilation of Much (2) 19 39.58%

knowledge about the functions Little (3) 6 12.50%

Very little (4) 0 0.00%

During the 5. The use of the Desmos application Very much (1) 20 41.67%

class collaboratively during the class facilitates the Much (2) 22 45.83%

assimilation of knowledge about the functions  Little (3) 6 12.50%

Flipped Very little (4) 0 0.00%

classroom

6. The use of the Desmos application Very much (1) 27 56.25%

After the class  individually after the class facilitates the Much (2) 15 31.25%

assimilation of knowledge about the functions  Little (3) 6 12.50%

Very little (4) 0 0.00%

Teaching- . - . Very much (1) 28 58.33%

caming [ Hped cassroon fcites e teaching: g W 22

process 9p Little (3) 9 18.75%

Very little (4) 0 0.00%

The values of Load Factor (> 0.500), Cronbach's Alpha (> 0.600) and Composite Reliability (> 0.700) are
necessary to validate the questionnaire. Table 3 shows that the values of the Load Factor (> 0.740),
Cronbach's Alpha (> 0.800) and Composite Reliability (> 0.870) allow validating the questionnaire
about the use of the flipped classroom.
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Table 3: Validation of the Questionnaire about the Flipped Classroom

Average Composite
Load Cronbach's
Variable Dimension Variance Reliability
Factor Alpha
Extracted
Before the class 0.843
Flipped During the class 0.806
0.810 0.640 0.876
classroom After the class 0.800
Teaching-learning process 0.750

Data Analysis

The Rapidminer tool allowed the calculation of linear regression (machine learning) to analyse the
perception of the students about the use of the flipped classroom and technological tools in the
functions unit (see Figure 2). In the machine learning technique, the independent variables are the
consultation with the YouTube videos about functions and use of the Desmos application. The
dependent variable is the teaching-learning process on the functions.

Linear Regression Muttiply Retrieve Decision Tree Multiply (2)
tm d inp out out tra mod )——@ inp out
) = > ?—J c < L i
v v i) = . lab s per '—
Retrieve
. = Qe ea)
N Split Data Apply Model Performance e - -
™ par mt ) mp—qm per b N Apply Mo
¥ — wnl 2 mad )—— per % ea)— ot q mod 2 1ab

) v v ot ) ~—  ¢uw mod )

v

(a) linear regression (b) decision tree

Neural Net Multiply

L tra mod )——@ inp out
a{ Split Data }I{ J Ll - °"‘9
exa ? par
WD C Apply Model Performance
= mod [ 1ab )—— 1> er
unl J mud. per ‘ :“F

(c) neural network

o

Figure 2: Use of the Rapidminer tool

The training section uses 70%, 80% and 90% of the sample to evaluate the research hypotheses about
the use of the flipped classroom in the functions unit by means of linear regressions, and the
evaluation section uses 30%, 20% and 10% of the sample to determine the accuracy of these linear
regressions by means of the squared error.

Similarly, the Rapidminer tool allows for the construction of three predictive models about the use of
the flipped classroom during the teaching-learning process on the functions through the decision tree
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technique. The information about the profile of the students and activities before, during and after the
face-to-face sessions was used for the creation of these predictive models. The target variable was the
teaching-learning process on the functions.

Finally, the neural network technique with 70%, 80% and 90% of the sample allowed for identifying
how the consultation with YouTube videos before the class, and use of the Desmos application
collaboratively during the class, and individually after the class, influenced the teaching-learning
process in the functions unit through the Rapidminer tool.

Results
Linear Regression Algorithm

Analysis showed that flipped classroom facilitates very much (n =28, 58.33%), much (n =11, 22.92%)
and little (n =9, 18.75%) the teaching-learning process on the functions (see Table 2). Likewise, the
results of the machine learning technique indicate that the consultation with the YouTube videos
before the class, use of the Desmos application collaboratively during the class and use of the Desmos
application individually after the class, positively influenced the teaching-learning process on the
functions (see Table 4).

Table 4: Results of the Machine Learning Technique

Value- Value- Error

Hypothesis Training Linear Regression Conclusion t P Squared

H1: Consultation with the 70% y =0.529x + 0.656  Accepted: 0.529 3.175  0.003 0.578
YouTube videos before 80% y =0.621x + 0.548  Accepted: 0.621 4.001 0.000 0.581

lthe class — teaching- 940 | -(E00x+0613 Accepted:0.600 3.968 0.000  0.279
earning process

H2: Use of the Desmos 70% y =0.358x + 0.927  Accepted: 0.358 1.819  0.048 0.640
application collaboratively 80% y =0.490x + 0.753  Accepted: 0.490 2.691 0.011 0.611

during the class — g5\ _(0420x+0890 Accepted: 0420 2494 0017  0.170
teaching-learning process

H3: Use of the Desmos 70% y=0.431x+0.856  Accepted: 0.431 2.701 0.011 0.461
application individually 80% y=0.529x + 0.742  Accepted: 0.529 3.523 0.001 0.336

affer the class — g3\ _(0506x+0.674 Accepted:0.596  4.038  0.000  0.040
teaching-learning process

Table 2 indicates that the consultation with YouTube videos before the class facilitates very much (n =
23, 47.92%), much (n =19, 39.58%) or little (n = 6, 12.50%) in the assimilation of knowledge about the
functions. The results of the machine learning technique with 70% (0.529, value-t = 3.175, value-p =
0.003), 80% (0.621, value-t =4.001, value-p = 0.000) and 90% (0.600, value-t = 3.968, value-p = 0.000) of
the sample indicate that H1 is accepted (see Table 4). Therefore, the consultation with the YouTube
videos before the class positively influenced the teaching-learning process on the functions.

Table 2 indicates that the use of the Desmos application collaboratively during the class facilitates very
much (n =20, 41.67%), much (n =22, 45.83%) or little (n = 6, 12.50%) the assimilation of knowledge
about the functions. The results of the machine learning technique with 70% (0.358, value-t = 1.819,
value-p = 0.048), 80% (0.490, value-t =2.691, value-p = 0.011) and 90% (0.420, value-t = 2.494, value-p =
0.017) of sample indicate that H2 is accepted (see Table 4). Therefore, the use of the Desmos
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application collaboratively during the class positively influenced the teaching-learning process on the
functions.

Table 2 indicates that the use of the Desmos application individually after the class facilitates very
much (n =27, 56.25%), much (n =15, 31.25%) or little (n = 6, 12.50%) the assimilation of knowledge
about the functions. The results of the machine learning technique with 70% (0.431, value-t = 2.701,
value-p = 0.011), 80% (0.529, value-t = 3.523, value-p = 0.001) and 90% (0.596, value-t = 4.038, value-p =
0.000) of the sample indicate that H3 is accepted (see Table 4). Therefore, the use of the Desmos
application individually after the class positively influenced the teaching-learning process on the
functions.

Decision Tree Algorithm

Table 5 shows twelve conditions of the PM1 with an accuracy of 77.07%. For example, if the student
thought that the consultation with the YouTube videos before the class facilitated very much the
assimilation of knowledge about the functions and took the career of Administration, then the flipped
classroom facilitated very much the teaching-learning process on the functions.

Table 5: Conditions of the PM1

Activities before the Flipped classroom —

No. class — assimilation Career Sex Age teaching-learning
of knowledge process
1 Very much Administration - - Very much
2 Very much Commerce - > 20.5 years Much
3 Very much Commerce - <20.5 years Very much
4 Very much Marketing - - Much
5 Much Administration - > 19.5 years Very much
6 Much Administration - <19.5 years Much
7 Much Commerce - - Much
8 Much Marketing - - Very much
9 Little Administration - - Little
10 Little Marketing Man - Little
11 Little Marketing Woman - Much
12 Little Commerce - - Very much

Table 6 shows thirteen conditions of the PM2 with an accuracy of 75.00%. For example, if the student
thought that the use of the Desmos application collaboratively during the class facilitated very much
the assimilation of knowledge about the functions, was a woman and took the career of Commerce,
then the flipped classroom facilitated very much the teaching-learning process on the functions.
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Table 6: Conditions of the PM2

Activities during the Flipped classroom —

No. class— assimilation of Career Sex Age . .
knowledge teaching-learning process
1 Very much - Man >19.5 years Very much
2 Very much - Man <19.5 years Little
3 Very much Administration Woman - Very much
4 Very much Commerce Woman - Very much
5 Very much Marketing Woman - Much
6 Much Commerce - - Much
7 Much Administration Man - Little
8 Much Administration Woman - Much
9 Much Marketing - - Very much
10 Little Marketing Man - Little
11 Little Marketing Woman - Much
12 Little Commerce - - Much
13 Little Administration - - Very much

Table 7 shows fourteen conditions of the PM3 with an accuracy of 83.33%. For example, if the student
thought that the use of the Desmos application individually after the class facilitated very much the
assimilation of knowledge about the functions and took the career of Administration, then the flipped
classroom facilitated very much the teaching-learning process on the functions.

Table 7: Conditions of the PM3

Activities after the Flipped classroom —
No. class— assimilation of Career Sex Age teaching-learning
knowledge process
1 Very much Commerce - > 20.5 years Much
2 Very much Commerce - < 20.5 years Very much
3 Very much Marketing Man - Very much
4 Very much Marketing Woman - Much
5 Very much Administration - - Very much
6 Much Administration - > 21 years Much
7 Much Administration - <21 years Little
8 Much Commerce - >19.5 years Much
9 Much Commerce - < 19.5 years Little
10 Much Marketing - - Much
11 Little Administration - >19.5 years Little
12 Little Administration - < 19.5 years Much
13 Little Marketing - - Very much
14 Little Commerce - - Little

Neural Network Algorithm

Finally, the results of the neural network with 70% (1.000), 80% (1.000) and 90% (0.401) of the sample
indicate that the use of the Desmos application collaboratively during the class significantly influences
the teaching-learning process about the functions (see Table 8).
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Table 8: Results of the Neural Network Technique

Activity before  Activity during Activity after the

No. Training Evaluation the Class the Class Class

1 70% 30% 0.000 1.000 0.013

2 80% 20% 0.000 1.000 0.589

3 90% 10% 0.240 0.401 0.188
Discussion

Several authors (e.g., Cabi, 2018; Shih et al., 2019) have mentioned that the flipped classroom is a
pedagogical model that facilitates the teaching-learning process through the incorporation of
technology in school activities. For example, 58.33% of the students thought that the flipped classroom
facilitated very much the teaching-learning process on the functions. In the Basic Mathematics course,
the consultation with YouTube videos about functions and use of the Desmos application provoked
the active participation of the students during the educational process. Also, the flipped classroom
facilitated much (n =11, 22.92%) the teaching-learning process on the functions. Therefore, most of the
students had a favourable opinion about the use of this pedagogic model in the field of mathematics.

This research confirms the findings of various authors (e.g., Karabulut-Ilgu et al., 2018) about the role
of videos in the educational field to promote personalised learning. Educational institutions use
YouTube videos to create virtual learning spaces for the field of mathematics (Insorio & Macandog,
2022). In particular, 47.92% of the students thought that the consultation with the YouTube videos
before the class facilitated very much the assimilation of knowledge about the functions. Before the
face-to-face sessions, the students in Marketing, Commerce and Administration acquired their
knowledge about linear, quadratic, polynomial, rational and exponential functions through this
multimedia resource. Also, the consultation with the YouTube videos before the class facilitated much
(n =19, 39.58%) the assimilation of knowledge about the functions. Thus, most of the students
(87.50%) had a favourable opinion about the use of this technological tool.

Similar to Aydin et al. (2021) and Cabi (2018), the incorporation of videos in school activities facilitated
learning at home. The YouTube videos allow for students to learn mathematical topics in a fun way
from anywhere (Insorio & Macandog, 2022). The results of the machine learning technique about H1
are greater than 0.520 and value-p < 0.050, therefore, the consultation with the YouTube videos before
the class positively influenced the teaching-learning process on the functions.

Data science identifies twelve conditions of the PM1 with an accuracy of 77.07%. In this predictive
model, the career, sex and age of the students determining how consultation with the YouTube videos
before the class influenced the teaching-learning process in the functions unit.

The flipped classroom allows organising and carrying out the educational process with the support of
digital tools (Long et al., 2019). According to Rojas-Maldonado (2019), the Desmos application is an
ideal tool to facilitate the teaching-learning process about mathematics. In particular, 45.83% of the
students thought that the use of the Desmos application collaboratively during the class facilitated
much the assimilation of knowledge about the functions. In the Basic Mathematics course, this web
application assisted students to actively participate in solving the exercises during the face-to-face
sessions. Also, the use of the Desmos application collaboratively during the class facilitated very much
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(n =20, 41.67%) the assimilation of knowledge about the functions. Thus, most of the students
(87.50%) had a favourable opinion.

In addition, this study shares the ideas of various authors (e.g., Aydin et al., 2021; Drozdikova-
Zaripova & Sabirova, 2020) about the use of ICTs in the classroom to improve learning in the flipped
classroom modality. As mentioned by Rojas-Maldonado (2019), educators can use the Desmos
application to understand topics related to mathematics. The results of the machine learning
technique about H2 are greater than 0.350 and value-p < 0.050, therefore, the use of the Desmos
application collaboratively during the class positively influenced the teaching-learning process on the
functions.

Data science identifies thirteen conditions of the PM2 with an accuracy of 75.00%. In this predictive
model, the career, sex and age of the students determined how the use of the Desmos application
collaboratively influenced the teaching-learning process in the functions unit.

The flipped classroom allows students to actively participate after the class through the use of
technology (Lin et al., 2019). The Desmos application facilitates the creation of educational spaces in
the field of mathematics (Rojas-Maldonado, 2019). For example, 56.25% of the students thought that
the use of the Desmos application individually after the class facilitated very much the assimilation of
knowledge about the functions. After the face-to-face sessions, the students used this web application
to verify the results of the exercises about maximum and minimum points, domain and range. Also,
the use of the Desmos application individually after the class facilitated much (n =15, 31.25%) the
assimilation of knowledge about the functions. Thus, most of the students (87.50%) had a favourable
opinion.

As Altas and Mede (2021) indicated, the use of technology in the flipped classroom allows the active
role of students at any time. The results of the machine learning technique about H3 are greater than
0.430 and value-p < 0.050, therefore, the use of the Desmos application individually after the class
positively influenced the teaching-learning process on the functions.

Data science identifies fourteen conditions of the PM3 with an accuracy of 83.33%. In this predictive
model, the career, sex and age of the students determined how the use of the Desmos application
individually influenced the teaching-learning process in the functions unit.

On the other hand, the neural network indicated that the use of the Desmos application
collaboratively during the class significantly influenced the teaching-learning process about the
functions. Finally, the realisation of the school activities before, after and during the face-to-face
sessions improved the teaching-learning conditions through the use of technology (Stratton et al.,
2020).

Conclusion

Teachers have the opportunity to innovate the educational process through the use of pedagogical
and technological models. In particular, the flipped classroom promotes the use of digital tools during
the planning and performance of school activities outside and inside the classroom. This quantitative
research implemented the flipped classroom through consultation with YouTube videos before the
class and use of the Desmos application collaboratively during the class and, individually, after the
class.
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Educational institutions incorporate flipped classrooms to improve teaching-learning conditions. In
the Basic Mathematics course, the consultation with YouTube videos before the class, use of the
Desmos application collaboratively during the class and use of the Desmos application, individually,
after the class positively influenced the teaching-learning process on the functions. The decision tree
technique identified three predictive models about the use of the flipped classroom in the field of
mathematics, with an accuracy higher than 77.00%. On the other hand, the neural network technique
indicates that the use of the Desmos application in a collaborative way during the class significantly
influenced the teaching-learning process in the functions unit.

The limitations of this research are the size of the sample, perception of the students, use of the
Desmos application and consultation with YouTube videos during the teaching-learning process
about the functions. Therefore, future research could implement the flipped classroom by considering
online questionnaires, digital games and social networks in various educational institutions.
Additionally, data collection could include the perceptions of students and educators about the use of
this pedagogical model for the development of skills, academic performance and motivation.

The implications of this research are that universities could update courses and carry out creative
school activities outside and inside the classroom through the flipped classroom. In addition, teachers
could use free web applications, such as the Desmos application, to improve learning conditions and
encourage participation at any time.

This mixed study recommends the use of data science, with the support of machine learning
algorithms, to discover new information related to the use of technology in the educational field
through the analysis, classification and evaluation of educational phenomena.

Finally, the flipped classroom facilitates the active role of students during the learning process,
promotes the construction of new educational virtual spaces and allows for the improvement of the
educational process through the incorporation of technological tools before, after and during face-to-
face sessions.
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